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BACKGROUND OF INVENTION 

[0001] The present invention is a process for preparing cyclic 

organohydrogensiloxanes. 

[0002] Cyclic organohydrogensiloxanes such as cyclic methylhydrogensilc 

useful as crosslinkers in silicone coatings and encapsulating materials used in the electronic 
industry and in release paper coatings and can be used as intermediates to form SiH 
functional siloxanes. In typical processes for preparing organohydrogensiloxanes a first step 
involves the hydrolysis of an organohydrogendichlorosilane to form an equmbrium mixture 
containing cyclic organohydrogensiloxanes and short-chain linear organohydrogensiloxanes 
Generally, the weight percent of cyclic organohydrogensiloxanes in the equilibrium mixture is 
small m relation to the weight percent of linear organohydrogensiloxanes present 
Consequently when demand for cyclic organohydrogensiloxanes is high, an excess of linear 
organohydrogensiloxanes may be produced. 

[0003] US-A-5395956 describes a process comprising contacting an 

organohydrogendichlorosilane with about a stoichiometric equivalent of water to form a 
hydrolyzate, diluting the hydrolyzate in an inert solvent and contacting it with an acidic 
rearrangement catalyst to effect formation of cyclic organohydrogensiloxanes. The catalyst is 
generally a heterogeneous catalyst used as a fixed-bed or stirred-bed. US-A-5395956 says 
that the acidic rearrangement catalyst can be a homogeneous catalyst such as hydrogen 
chloride, sulphuric acid, or chlorosulfonic acid, but that such homogeneous acids are 
generally not preferred since they must subsequently be neutralized. 

[0004] US-A-52471 16 describes a process for producing cyclosiloxanes by contacting 

siloxanes with a strong acid catalyst in the absence of an added solvent. 
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SUMMARY OF INVENTION 



[0005] A process according to the present invention for preparing cyclic 

organohydrogensiloxanes comprises (A) contacting a silane of the formula RHSiCfc, where R 
is selected from alkyl radicals having 1 to 12 carbon atoms and aryl radicals, with water to 
form a hydrolyzate comprising cyclic organohydrogensiloxanes and linear 
organohydrogensiloxanes, and (B) contacting the hydrolyzate with an acidic rearrangement 
catalyst in the presence of an inert liquid diluent to increase the ratio of the cyclic 
organohydrogensiloxanes to linear organohydrogensiloxanes in the hydrolyzate 
characterised in that the acidic rearrangement catalyst is an organic compound containing a 
strong acid group which is dissolved in the inert liquid diluent present. 

[0006] The process of the invention is preferably carried out as a continuous process 

including the steps of: 

(Q recovering the cyclic methylhydrogensiloxanes by separation 

from the linear methylhydrogensiloxanes and diluent, and 
(D recycling the linear methylhydrogensiloxanes and diluent 

containing dissolved acidic rearrangement catalyst from Step (C) to Step (B). 

The organic acidic rearrangement catalyst is thus continuously recycled through the 
rearrangement (B) and separation (C) steps with the inert diluent. 

[0007] We have found that when the process of US-A-5395956 is operated using a 

fixed bed solid catalyst as described therein, equilibration to increase the ratio of the cyclic 
organohydrogensiloxanes to linear organohydrogensiloxanes in the hydrolyzate takes place 
mmally, but the activity of the catalyst for this rearrangement fairly rapidly decreases over 
toe. Ihtheprocess of the present invention, the organic acid catalyst which is dissolved in 
the mert diluent retains its catalytic activity for increasing the ratio of the cyclic 
organohydrogensiloxanes to linear organohydrogensiloxanes in the hydrolyzate for a much 
longer time than the fixed bed solid catalyst. 
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DETAILED DESCRIPTION OF INVENTION 



100081 Sil3neS Which can be Wrttynd in the present process are described by 

formula (1). The silane may be a single species of silane as described by formula (1) or may 
be a nuxture of such silanes. The silane contains substituent R, where R is selected from a 
group consisting of saturated monovalent hydrocarbon radicals comprising one to 12 carbon 
atoms and aryl radicals. R can be, for example, methyl, ethyl, propyl, isopropyl, butyl 
ternary butyl, sec-butyl, hexyl, cyclohexyl, dodecyl, phenyl, tolyl, and naphthyl. Preferred is 
whenRis selected from a group consisting of methyl and phenyl. Most preferred is whenR 
is methyl, i.e. methyldichlorosilane. 

10009] The silane is contacted with about a stoichiometric equivalent of water where 

a stoichiometric equivalent of water is defined as 0.5 mole of water per mole of chlorine 
provided to the process by the silane. By use of the term "about" it is meant that the mole 
ratio of water to silane is within a range of plus or minus 20 percent of stoichiometric 
equivalence. Preferred is when the mole ratio of water to silane is within a range of- 5 o/ 0 to 
+15o/ 0 , more preferably from stoichiometric equivalence to an excess of 5 or 10% water. 

[0010] Contact of the silane with water in step (A) can be conducted in standard 

reactors for hydrolyzing chlorosilanes. Although the pressure at which the process is 
conducted is not critical, it is preferred that theprocess be conducted atapressure at which 
the silane is present as a liquid phase. Such pressure will be dependent upon the particular 
chlorosilane and the temperature at which the process is conducted. The hydrolysis process is 
preferably conducted at a temperature within a range from -15°C to 120°C, more preferably 
0 C to 50°C, most preferably 20°C to 40°C. 

[0011] The hydrolyzatc formed in the hydrolysis process is diluted in an inert liquid 

diluent, which may or may net be miscible with the hydrolyzate. By the term "inert" it is 
mean, a diluent which does not otherwise have significant reaction in the process. Preferred 
hqutd diluents are alkanes, inemding mixtures of alkanes. The alkanes can be linear or 
branched alkanes or a nuxture thereof. The liquid diluent preferably has a boiiing point above 
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that of the cyclic hexamer of the organohydrogensiloxane. For example when the cyclic 
hexamer is methylhydrogensiloxane, suitable diluents are those alkanes having greater than 
about nine carbon atoms. One preferred diluent is the paraffin mixture of boiling point range 
243°C to 285°C sold under the Trade Mark 'Isopar P>. Inert liquid diluents having a boiling 
pomt below that of the cyclic hexamer of the organohydrogensiloxane can also be used but 
may make separation of the diluent from the cyclic organohydrogensiloxane more difficult. 

[0012] The optimal weight ratio of hydrolyzate to diluent will depend upon such 

factors as the organic substituent substituted on the silicon atoms and the desired ratio of 
cyclic organohydrogensiloxane to linear organohydrogensUoxane in me rearranged 
hydrolyzate at equilibrium. Up to a certain maximum, the greater the dilution of the 
hydrolyzate the greater the ratio of the cyclic organohydrogensiloxanes to linear 
organohydrogensiloxanes in the rearranged hydrolyzate. The diluent preferably forms about 
50 to 95 % by weight of the liquid mixture of hydrolyzate and diluent, more preferably 60 to 
90%, most preferably 70 to 85%. 

[0013] The diluted hydrolyzate is contacted with the organic acid rearrangement 

catalyst. It is generally preferred that the hydrolyzate is not contacted with the acidic 
rearrangement catalyst before being diluted. When the process of the invention is carried out 
as a continuous process including recycling of the linear methylhydrogensiloxanes and diluent 
contaunng dissolved acidic rearrangement catalyst, the diluent which contacts the hydrolyzate 
will contain the catalyst. 

[0014] The acidic rearrangement catalyst is an organic compound containing a strong 

acxd group which is dissolved in the inert liquid diluent present. By a strong acid group we 
mean that the organic acid has a P K of less than 3 and preferably less than 1.5. The acid is 
preferably a sulphonic acid but could alternatively be a phosphonic acid or an acid sulphate 
ester. Preferred sulphonic acids are aryl sulphonic acids, particularly alkylaryl sulphonic 
acids of the formula R'-Ar-SOaH, where Ar is an aromatic nucleus such as a benzene or 
naphthalene nucleus and R' is an alkyl group which may have 1 to 30 carbon atoms but 
preferably has 8 to 20 carbon atoms, for example dodecylbenzenesulphonic acid. Alternative 
sulphonic acids which are suitable include alkyl sulphonic acids and halogenated aryl or alkyl 
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sulphonic acids, for example trifluoromethane sulphonic acid. 

[0015] The concentration of acidic rearrangement catalyst in the inert liquid diluent is 

preferably* the range 0.05 to 5% by weight, more preferably 0.07 to 0.2% by weight m a 
continuous process, the concentration can be monitored as the linear 
methylhydrogensiloxanes and diluent containing dissolved acidic rearrangement catalyst is 
recycled from the separation step (C) to the rearrangement step (B), and can be adjusted by 
adding more catalyst or more diluent as required. 

[0016] The temperature at which the rearrangement reaction is carried out is not 

duuentto about 150»C. Preferred is a temperature within a range of about 0°C to 40°C for 
example ambient temperature. The pressure at which the arrangement process is run is not 
critical and can be ambient pressure. 

[0017] The vessel in which the rearrangement reaction is carried on. con be any type 

of^orreae to r,forexamp I ea s h n ple,ar*w M choptionaUyi ssnIredoratab ereac to The 
reaction time can he from 1 minute to 24 hours or more; the rearrangement reaction is an 
eoambration reaction and equilibria.™ is generally gomg on wherever the catalyst exists in 
contact with me siloxane and the solvent. Typical residence times of me catalyst siloxane 
and solvent m a continuous process in which the catalyst is continuously recycled through me 
rearrangement and separation steps with the inert diluent are between 0.5 and 10 bora 
particularly I to 5 hours. Since the rearrangement reaction is an equilibration reaction 
prolonged contact times are not harmful. 

[0018] The cyclic organohydrogensUoxanes which can be recovered by the present 

process are described by formula (RHSiOV where R is as previous* described andnis an 
mteger from three to about 12. The preferred organohydrogensHoxanes recovered from the 
present process are those where R is methyl and n is four, five, or six. The method for 
recovering the cyclic organoh^gensiloxanes from the present preceas is not critical and can 
be stendard methods known in the art for separating cyclic siloxanes from mixtures For 
example, the rearranged hydrolyzate can be flash distilled to separate the cyclic 
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dduent, an, the catalyst dissoived therein, can be recycled «o the rearrengemen, ^ ^ 
^^^^^^.^^ ^ 

higher bodrng hnear species and facilitate their separation fiom the eyelie 

2 2 ~° or membrene separation. The cychc organohytbogen^oxane-containing 
nation can then be .hstifled to aepa^ the cycUc otganohydregensitoxanes from bigber- 
bothng hnear specie, The higher-boning hnear species can then be recyCed to Are 
rearrangement reactor for fimber processing. 



10019) The following Example, in which percentages are by weight, 



2T IT""" - " ^^^^i^lSS, 
mtxtine extting me rearrangement reactor of Example 1 against time and atoo the yield of 
^hc or^nohydrogensi.oxanes in Example , against time expressed as % of the Lretica. 
yield based on chlorosilane feed. "rencai 



F.xampte 1 



[0020] MetbyldiehlorosilaneaiSiCh was mixed with a stoicm™,*™. • , 

water : „ n , , , * OTmma stoichiometric equivalent of 

water, ,.e. 0.5 mole of water per mole of silicon bonded chlorine, in a steam heated 

continuous hydreiysis reactor. The hydrops reactor was maintained a, 60 psig and me 
emperamre of the reactor was controlied such mat me hydrolyzate exiting the Lor was a, a 
temperamre of abon, 33°C Tbe hydroiyzate exiting me reactor was snaked by gas 
chromatography (GC, using a flame ionisation detoetor (FID) and fonnd to comprise abon, 95 
w-* percent Unear cbtorine end-tetnnnated memymydrogensfloxane speoies 1 ^ flve 

20/„„ hydrocarbon soWen.^^ 

catalyst. Excoss HC1 gas from me hydrolysis reaction was coUeoted tor , 



* re-use. 
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[0021] The diluted hydrolyzate containing catalyst was fed though a simple 

rearrangement reactor tank „ ambient rempemture and pressure. Residence time of the 
diluted hydrolyzate in me reactor was about 3 horn, GC-FID anaiysis of «he product exiting 
Ore rearrangement reactor showed the siioxane component to consist of about 70 weigh, 
percent linear chlorine end-.ermina.ed memylhydrogensiloxane species and abou, 30 weigh, 
percent cychc methylhydrogensiloxane species. 

Hn 1 a ■ ^ ^ *™ 1 «— «- "-ted to drive off aqueous 

HC, smpped m flash drums under vacuum and men vacuum distilled and the cychc species 
and low-bomng hnear species taken overhead. The bottom fraction was coo.e<i and recycled 
to the rearrangement reactor. 

[00231 ^-^^^to^ove^i^on^^^.^^ 
product) was removed by comae, with a calcium carbonate calcium chloride water system. 
The product was finally dried in a magnesium oxide bed. The recovered cyclic 
memymydrogensiloxane fraction was analysed by GC-FID and found to comprise 99 7 weigh, 
percon, cychc memylhydrogensiloxaoes of me tettamer, pen«amer, and hexamer species The 
process was run continuously for abou, 20 days. 

[00241 TheresulteareshowninFigure!. The % cyclics in me mixture exiting me 

rearrangement reactor was consistentty above 4% and on average above 5%. Tie yield of 
cychc memylhydmgensiloxanes was consis.en.ly above 80% of me meoretical yield based on 
cMorosnane feed, and on average abou, 100% of me meoretical yield. The % of meoretical 
eomhtaum da,a is a comparison wim an empirical relationship between siioxane and cyches 
equtbbnum concenttation fiom lab experiments using a ••standard" solid catalyst 
AmberlystCTrade Mark) sulphonatod divmylbenzene styrene copolymer. 

[0025] When me process of Example 1 was carried out using a fixed bed of solid 

catalyst m me rearrangement reactor, as described in US-A-5395956, instead of adding 
dodccylbenzenesulphonic acid catalys, to the solvent me % eyefics in me mixtore exiting me 
rearrangement reactor was variable but usually in the range 1% to 3%. 



